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Abstract 
Investigation of the influence of the differences in the support conditions on the dynamic parameters are presented in 
this study. Bridge girders are usually supported by elastic bearings and suffer deterioration during the service life of 
the bridge. Early stages of deterioration of the elastic bearing occur with decrease in its stiffness. Advance stages of 
deterioration causes total damage of the elastic bearing, whereby the bridge girder will be supported directly on the 
structural element below it. The deterioration can occur on one or both sides of the supports. In order to study the 
effect of this phenomenon, experiments were conducted on a simply supported beam supported on elastic rubber pads 
with different stiffness as well as on steel supports. The undamaged support condition was simulated by using new 
rubber pads with stiffness of 10MN/m. The damage support conditions were represented by using old rubber pads 
with stiffness of 3 MN/m and using steel supports to simulate the case of total deterioration of the rubber bearing 
pads. Natural frequencies and mode shapes were obtained from modal testing and compared using of Modal 
Assurance Criteria MAC. The results showed a direct relationship between the support stiffness and the natural 
frequencies and mode shape. The first bending mode was most sensitive to the changes in support stiffness followed 
by Mode 2. It was also observed that the other modes had similar but lower sensitivity to the state of deterioartion of 
the supports. 
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1. INTRODUCTION 
Many engineering structures when exposed to various external loads such as earthquakes, traffic, 
explosion and vibration during their lifetime suffer damage and deterioration. This seriously affects their 
performance and may even lead to catastrophic structural failures.  Health monitoring of engineering 
structures using dynamic testing has gained a lot of interest over the last few years. The basic idea behind 
this approach is that modal parameters namely natural frequency, mode shape, modal damping, are 
functions of physical properties of structures such as mass, damping and stiffness as well as boundary 
conditions. Therefore, any change in the physical properties or boundary conditions will in effect cause 
detectable changes in the modal parameters.Several studies, including those of (Scott et. al.1997, Young-
Shin and Myung-Jee 2000, Johan 2003, A. Choubey et. al. 2006, Ricardo et. al. 2008, and Dantiele et. al. 
2008), investigated the use of natural frequency or mode shape as a means of damage identification These 
studies were concerned with issues related to use of these modal parameters in determining the magnitude 
and localization of damage based on the relationship between dynamic and physical properties. 
One of the major concerns in the long term performance of bridges is the deterioration of boundary 
conditions as a result of stiffness change in bridge bearing pads over time. As such, the monitoring of the 
boundary conditions is very important in ensuring timely maintenance before any serious damage occurs 
to the structure. There have been some studies done on the effect of boundary conditions on the dynamic 
properties of the structure. Investigation to the effect of stiffness of the rubber pads on dynamic 
characteristics of base isolated bridge done by (W. Dai et. al. 2006). The results show direct relationship 
between rubber stiffness and frequencies. It shows whenever the rubber stiffness increases, frequencies 
increase as well. Investigation to the effect of support stiffness and damping on measured modal 
frequencies and damping ratios was done by (Thomas et. al. 2007). The effect of support system on both 
modal frequencies and modal damping were illustrated on two different types of structures. The effect of 
support condition on measurement of modal parameters was investigated by (Wolf 1984 and Carne 
1998 )They found that there is direct relationship between the support stiffness and the measured modal 
parameters. Many previous studies have used elastic bearing isolation systems to reduce seismic demand 
on structures, and many books have been written related to the design of these systems (Skinner et. al. 
1993, and Naeim and Kelly 1999). Various types of elastic bearings have been introduced as isolation 
systems. number of studies have investigated the effectiveness of different types of elastic bearings, their 
material properties and their behaviour under different loading and environmental conditions with respect 
to the seismic responses of bridges (Turkington et. al. 1989, Chaudhary1999, Chaudhary et. al. 2000, 
Chaudhary et. al. 2001, Jangid 2002, Boroschek et. al. 2003, and Daza et. al. 2004).    
The main objective of this study is to investigate the effect of the differential different in support 
stiffness on both sides on the dynamic properties of a structure. Correspondingly the sensitivity of each 
fundamental bending frequency to changes and different support conditions will help to identify and 
establish the appropriate damage indicator. This is achieved by obtaining the reduction in natural 
frequency and by comparing mode shapes using the Modal Assurance Criteria (MAC).  
2. DAMAGE INDICATORS 
Modal parameters are used as damage indicators or dynamic properties monitoring tool.  The change 
in natural frequency and mode shape are used as indicators to compare the results for different support 
conditions. 
The natural frequency, f,  is proportional to the square root of its flexural rigidity, EI: 
 (1) 
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Abdul Razak and Choi 2001. showed that Eq. (1) will lead to the following equation: 
 (2) 
which implies that a change in flexural rigidity will contribute to a doubling of the change in natural 
frequency. Defining the natural frequency reduction factor R as: 
 (3) 
where fi,c and fi,d are the natural frequency at ith mode for a control and damaged beam, respectively; 
and utilizing Eq. (3), leads to the Frequency Reduction Index (FRI), which is an indicator that utilizes 
only the natural frequency: 
 (4) 
The second indicator is the Mode Shape Reduction Factor MSRI, by means of Modal Assurance 
Criteria MAC. This method is used to ascertain the configuration errors between the experimental mode 
shapes and the eigenvectors predicted from the finite element model called the modal assurance criterion 
(MAC) (Ewins 2000). It is also a correlation between any two sets of mode shape. The correlation for the 
ith element is given by the following formula 
 (5) 
and Mi,c and Mi,d are the mode shapes at i th mode for control and damaged beam respectively. 
Utilizing the concept in the previous paragraph, the Mode Shape Reduction Index (MSRI), an 
indicator that utilizes only mode shapes, is defined by the following formula 
 (6) 
3. EXPERIMENTAL WORK    
In order to investigate the effect of the differential different in support condition on the modal 
parameters a simply supported concrete beam reinforced with minimum requirement in accordance to 
ACI-318-08 was prepared. The span length of each beam was 2200 mm with cross sectional area of 150 
mm by 250 mm and reinforced with 2 Nos. 12 mm high-yield steel bars as longitudinal reinforcement and 
8 mm mild steel bars as shear reinforcement with spacing of 100 mm. Figure 1 shows the beam’s 
reinforcement and dimensions details. Table 1 shows the cases of the support conditions used in this 
study. Figure 2 shows different support conditions of the beam. In order to compare the stiffness of new 
rubber and old rubber, compressive strength tests were carried out on different samples of the rubbers and 
The test showed that the old rubber have lost a portion of its stiffness. The modal testing was carried out 
at each support case and modal parameters such as natural frequencies and mode shapes were extracted.  
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Figure 1: Details and dimensions of a Reinforced concrete beam. 
Table 1: Support condition cases used in this present study 
Support Conditions Left support condition Right support condition 
Left support 
stiffness Right support stiffness 
NR / NR* New rubber New rubber 10 MN/m 10 MN /m 
NR / OR* New rubber Old rubber 10 MN/m 3 MN/m 
NR / SS* New rubber Steel Support 10 MN/m  
OR / SS* Old rubber Steel Support 3 MN/m  
* NR is new rubber, OR is old rubber, and SS is steel support.  
 
 
(a) Rubber Support 
 
(b) Steel Support 
Figure 2: Different support conditions. 
M.M. FAYYADH et al. / Procedia Engineering 14 (2011) 177–184 181
4. RESULTS AND DISCUSSION  
After the test beam was cast, experimental modal analysis was conducted on the beam. In order to 
simulate the effect of different support stiffness on the modal parameters, different rubber bearings were 
utilized. The support conditions adopted in this study were the control case where the RC beam is 
supported by new rubber on both ends (NR-NR), a first case where the RC beam is supported by new 
rubber on the left end and old rubber on the right end (NR-OR), a second case where the RC beam is 
supported by new rubber on the left end and by a steel support on the right end (NR-SS) and a third case 
where the RC beam is supported by old rubber on the left end and by a steel support at the right end (OR-
SS). This section can be divided into two parts, where first one is related to study the effect of the support 
condition on the natural frequencies, while the second part related to investigate the effect of the support 
condition on the mode shape.  
4.1 Effect of support condition on the bending frequencies  
The effects of the differential support stiffness between both ends on the natural frequencies are shown 
in Figure 3, where first six bending modes were adopted. A direct relationship is evident between the 
support stiffness and the natural frequencies. In order to make comparisons, the control (NR-NR) was 
used as a base. The natural frequencies decrease when the right end is supported by old rubber but it 
increases when it is supported directly on the steel support. The natural frequencies show little decrease 
when the left end is supported by old rubber. This behaviour can be observed for all of the first bending 
frequencies, with the exception of mode 3, which shows the opposite behaviour. The FRI was used to 
study the sensitivity of each mode to changes in support stiffness. FRI values for the first six bending 
frequencies are illustrated in Table 2. Comparison was made against the control case where both ends 
were supported by new rubber. The results show that the first bending mode has the highest sensitivity to 
changes in support stiffness. Mode 2 ranks second, while all other modes show similar sensitivity. The 
results conclude that the third bending mode can be used as indicator for the change in the support 
conditions on any of the supports sides, where it show different pattern from the other modes.   
4.2 Effect of support condition on the bending mode shapes   
The first six bending mode shapes were adopted. Comparisons were made against the control support 
stiffness where the RC beam is supported at both ends with new rubber using the MRSI. Figure 4 shows 
the MSRI values at different modes for different support stiffness; result indicates that mode 1 is the most 
sensitive to the change in support stiffness. Mode 2 shows a good sensitivity to changes in support 
stiffness when the RC beam is supported directly on steel supports. All other modes show low or 
insignificant sensitivity to the change in support stiffness. To highlight the sensitivity of modes 1 and 2 to 
differential support stiffness, RC beams supported at both ends were also tested. 
5. CONCLUSION 
The bending natural frequencies showed good sensitivity to the changes in support conditions, thus 
making them feasible indicators for monitoring the health status of the supports. This is applicable for all 
the bending natural frequencies except for mode 3 which showed an opposite trend. This particular trend 
for mode 3 can be an appropriate and useful indicator to differentiate damage due to changes in structural 
element stiffness or support conditions. Generally when there is a reduction in structural element stiffness 
or partial deterioration in support condition there will be a drop in natural frequencies. However for the 
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third mode the natural frequency increases when there is deterioration in support condition. Bending 
mode shapes 1 and 2 showed high sensitivity to the differences in the support condition. Mode 1 gave the 
highest sensitivity to any change in support condition, which makes it more reliable as an indicator 
compared to the others. This study enhanced the understanding and supports previous work on the use of 
dynamic parameters for monitoring purposes. 
Figure 3: Effect of differential difference in support conditions on the first six bending frequencies. 
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Table 2: FRI for different support stiffness compared to the control support stiffness (NR-NR) 
Support 
Condition 
FRI Index % 
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 
NR  / OR -6.95 -0.26 0.02 -0.01 -0.05 0.06 0.04 
NR /   SS 43.28 8.67 -1.26 1.68 1.39 0.51 0.45 
OR /   SS 33.00 5.53 -2.48 1.06 0.73 0.36 0.29 
Figure 4: The effect of differential difference in support stiffens on MSRI values. 
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